Longitudinal polarizations of different kinds of hyperons produced in e + e − annihilation at LEP I and LEP II energies in different event samples are calculated using two different pictures for the spin structure of hyperon: that drawn from polarized deep inelastic lepton-nucleon scattering data or that using SU(6) symmetric wave functions. The result shows that measurements of such polarizations should provide useful information to the question of which picture is more suitable in describing the spin effects in the fragmentation processes.
Introduction
Spin effects in high energy fragmentation processes have attracted much attention 1 recently.
Study of such effects provide useful information for the spin structure of hadron and spin dependence of high energy reactions. There exist now two distinctively different pictures for the spin contents of the baryons: the static quark model picture using SU(6) symmetric wave function [hereafter referred as SU (6) picture], and the picture drawn from the data for polarized deep inelastic lepton-nucleon scattering (DIS) 9 and SU(3) flavor symmetry in hyperon decay [hereafter referred as DIS picture]. It is natural to ask which picture is suitable to describe the relationship between the polarization of the fragmenting quark and that of the produced hadron. It has been pointed out in [6] that measurements of Λ longitudinal polarization in e + e − annihilation at high energies can provide useful information to answer this question. Calculations based on these two different pictures have been made in [4] and [6] . A comparison of the obtained results with the ALEPH data 10 obtained at LEP, which was available at that time, was made. The result shows that the SU(6) picture seems to agree better with the data 10 . This is rather surprising since the energy is very high at LEP and the initial quarks and anti-quarks produced at the annihilation vertices of the initial e + e − are certainly current quarks and current anti-quarks rather than the constituent quarks used in describing the static properties of hadrons using SU(6) symmetric wave functions.
Other models 7, 8 are also proposed which can give a description of the available data 10 .
The available data 10 are certainly still far from accurate and abundant enough to make a conclusive judgment of these different models. It is therefore important and urgent to make further checks of this conclusion by performing complementary measurements.
In this paper, we formulate the calculation method of longitudinal polarization of different hyperons in e + e − annihilation at high energies proposed in [4] and [6] in a systematic way so that they can be generalized to other hyperons and/or other reactions. We describe in detail the inputs and/or assumptions which have been used in the calculations. We then present the calculated results for different hyperons based on these two pictures. We present the results for the whole events as well as those for different particularly chosen event samples. We show that corresponding measurements can be used as complementary method to check the above mentioned conclusion. In particular, we discuss also how to distinguish such models from the kind of models proposed in [7, 8] . In section 2, we outline the calculation method and present the results for Λ polarization. In section 3, we present our results for other hyperons.
2. The calculation method and the results for Λ in different event samples
We recall that 11 , according to the standard model of electroweak interactions, quarks and anti-quarks produced at the annihilation vertices of e + e − are longitudinally polarized. Such longitudinal quark polarization can be transferred to the produced hadron which contains the initial quark thus lead to longitudinal polarization of hadron in the inclusive process e + e − → h + X. Measuring the polarizations of the produced hadrons, we can study the relation between the spin of the fragmenting quark and that of the produced hadron which contains that quark. In this aspect, the J P = In contrast, hyperons in groups (c) and (d) are unpolarized. Hence, we obtain that the polarization of the final hyperon is,
is large and varies little with the angle θ, while that of the up-type quarks (u and c) is a little bit smaller and has a relatively larger variation in the whole range of cos θ.
The latter increases with cos θ from 0.58 at cos θ = −1 to 0.74 at cos θ = 1. Averaging over θ, we obtain,
where σ 0 = C f (1 + cos 2 θ) + D f cos θ is the angular variation of the unpolarized cross section.
In Fig.2 , we show − P f as a function of the total e + e − center-of-mass energy √ s. We see that, at the LEP I energy, i.e. √ s = 91GeV , the polarizations of quarks have the maximum negative value, i.e., P f = −0.67 for f = u, c, and P f = −0.94 for f = d, s, and b. From the LEP I energy to the LEP II energy, the polarizations decrease a bit but it is still very large at the LEP II energy ( √ s = 200GeV ), where we have P f = −0.26 for f = u, c, and 
, which contribute at LEP II energy. But this contribution is very small (less than 1%). We will not consider such events in the following calculations.
The fragmentation polarization transfer factor t way of doing this extraction is now in fact quite standard (see, for example, the Appendix in [6] ). The results for Λ, Σ 0 and Ξ hyperons have been obtained in [5] and [6] . Using exactly the same way, we obtain also the results for Σ ± . For completeness, we list the results for all the J P = 1 2 + hyperons in Table 1 .
In the calculations, we take also the contributions from the decay of J P = 3 2 + , i.e. the decuplet hyperons into account. The polarizations of such hyperons in the SU(6) picture can easily be calculated using the SU(6) symmetric wave functions. But, it is presently impossible to calculate them in the DIS picture since no DIS data is available for any one of the decuplet baryons. Therefore, in the calculation we take them into account in the same way as those in the SU(6) picture.
The decay polarization transfer factor t
is determined by the decay process and is independent of the process in which H j is produced. The results for different decay processes are different and will be given for each individual hyperon in the following sections of this paper.
After we obtain the results for P f , t
for hyperons H i from the different origins. These average numbers are determined by the hadronization mechanism and should be independent of the polarization of the initial quarks. Hence, we can calculate them using the a hadronization model which give a good description of the unpolarized data for multiparticle production in high energy reactions. Presently, such calculations can only be carried out using a Monte-Carlo event generator. We use the Lund string fragmentation model 12 implemented by JETSET 13 in the following.
B. Λ polarization in the average events
Among all the J P = 1 2 + hyperons, Λ is most copiously produced. Furthermore, the spin structure of Λ in the SU(6) picture is very special, which makes it play a very special role in distinguishing the SU(6) and the DIS pictures. In the SU(6) picture, spin of Λ is completely carried by the s valence quark, while the u and d quarks have no contribution. Since the initial s quark produced in the annihilation of the initial e + e − takes the maximum negative polarization, |P Λ | obtained using the SU(6) picture is the maximum among all the different models. In contrast, in the DIS picture, the s quark carries only about 60% of the Λ spin, while the u or d quark each carries about −20% (see Table 1 ). The resulting |P Λ | should be substantially smaller than that obtained in the SU (6) contributions to Λ polarization in these different channels may be quite different. We expect that the net contribution from all these channels cannot be large. We will just neglect it in our calculations.
Using JETSET and PYTHIA, we obtain the average numbers n
GeV and those at √ s =200 GeV,respectively. We show them in Fig.3 and Fig.4 . The results at √ s = 91 GeV are of course the same as those in [4] and [6] . From these figures, we see clearly that contribution to Λ from the events originating from the initial s quarks play the most important role, in particular for large z. For example, for z > 0. 4, it gives about 70% of the whole Λ's, while those from the events initiated by u or d take only 10% respectively.
Using the results for the P f 's, the t Fig.5 . We see that, compared with those obtained at the LEP I energy, |P Λ | at LEP II energy is a little larger at small z region, and is a little smaller at large z region. This is consistent with the above-mentioned qualitative expectations and can be checked experimentally.
C. Λ polarization in different subsamples of events
In the two models we discussed above, Λ polarization comes solely from the hyperons which contain the initial quark created at the e + e − annihilation vertex. The contributions are very much different for the hyperons which contain the initial s from those which contain the initial u or d quarks. There is also a big differences between the contribution from the hyperons which contain the initial quarks and that from those which do not. It is thus clear that we can get a further check of the two pictures if we study the Λ polarization in events which originate from the initial u or d quark or those which originate from the initial s quark separately. We should also get a very sensitive check to different pictures if we study only those Λ's which contain the initial quarks.
In this connection, it should also be mentioned that there exist another different type of models 7, 8 for spin transfer in fragmentation processes. In contrast to that described in subsection 2 A, in these models, no distinction is made between the hyperons which contain the initial quarks or those which do not contain the initial quarks. Some of them 8 even do not distinct those which are directly produced or those which come from heavier hyperon decays.
In other words, in these models, there is no distinction between hyperons from the groups fragmentation function from a given quark q 0 f to a given hyperon H i depends only on the fractional momentum z of the quark carried by the produced hyperon, the obtained polarization at a given z should be completely the same if we study only those hyperons which contain the initial quarks or all of them in events originating from a given type of initial quark.
It is unfortunately impossible to make a complete separation of hyperons in these different groups in experiments. However, it should be possible to separate the events into different subsamples, in each of which the hyperons from one group dominate. Measuring Λ polarization in such subsamples of events should give further complementary checks of the different models mentioned above. Using the Monte-Carlo event generator JETSET 13 , we can study the various possibilities in this direction. We note that, if a Λ originates from the initial s quark, the leading particle in the opposite direction should contain thes produced in the e + e − annihilation vertex. Hence, we choose an event sample according to the following criteria:
(i) Λ is the leading in one direction;
(ii) the leading particle in the opposite direction is K + .
We expect that such Λ's should mainly have the origin (a) mentioned in the subsection 2 A. In The production rates for other octet hyperons are smaller than that for Λ so the statistic errors should be larger for the polarizations of these hyperons. On the other hand, decay contributions from heavier hyperons to these hyperons are also much less significant than that in case of Λ. Hence, the contaminations from the decay processes are much smaller.
These conclusions can easily be checked using a Monte-Carlo event generator for e + e − annihilation into hadrons. In Fig.8 The calculations are quite similar to those for Λ production. The general procedure is the same and has been outlined in last section. The polarization transfer factor t Using Eq.(1) and the results shown in Fig.9 , we calculated the hyperon polarizations,
The obtained results are shown in Fig.10 . From these results, we see clearly that the polarizations are different for these different hyperons, and that there are considerably large differences between the results using the SU(6) picture and those using the DIS picture. In particular, we see that P Σ + in the SU(6) picture has opposite sign to that in the DIS picture. But their magnitudes are relatively small. The magnitude of P Ξ 0 and that of P Ξ − are considerably larger, in particular in the large z region. This is because the contribution to Ξ 0 or Ξ − is very clear. They come mainly from the initial s-quark. There is thus little theoretical uncertainty in calculating P Ξ . Hence, although the statistics may be much worse than Λ, there are still good reasons to study P Ξ in e + e − → Ξ + X at LEP energies.
We thank Gösta Gustafson, Li Shi-yuan, Wang Qun, Xie Qu-bing and other members in the theoretical particle physics group of Shandong University for helpful discussions. This work was supported in part by the National Science Foundation of China (NSFC) and the Education Ministry of China.
state radiation. Such initial state radiation reduces the effective energy of the e + e − at the annihilation vertex thus the polarization of P f in such events should take the value at the corresponding lower energy. But, since P f varies only slowly with the energy, this effect cannot be large. We neglect it in the calculations. Table 1 obtained [15, 17] from the hyperon decay experiments. In (b), we see a comparison of the two different classes of contributions to Λ and those to Σ + .
TABLES
Here, "directly" represents the contribution from those which are directly produced and contain the initial quarks; "decay" denotes the contribution from polarized heavier hyperon decay. In (d),
we see the ratios of contributions shown in (b) to all Λ or all Σ + respectively. 
